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Purpose

The Coptic language is valuable to a large population of 10 million people worldwide. And a
Coptic keyboard for major platforms is long overdue.

Several non-standard keyboards have been designed independently, and the discrepancies
between the layouts are causing confusion.

A layout by Donald J. Mastronarde, from University of California.
A layout by Christian Askeland from University of Cambridge.

A layout by copticchurch.net.
A layout by St. Shenouda the Archimandrite Coptic Society.

A Coptic keyboard is natively built in Android Gboard, but still hasn't been adopted in other
major platforms.

Standardization

Availability


https://ucbclassics.dreamhosters.com/djm/coptic.html
https://sites.google.com/site/askelandchristian/copticlinks?authuser=0
https://www.copticchurch.net/coptic_fonts
http://copticchurch.net/
https://drive.google.com/file/d/1G_N56nDN_Z1X8DWafFepVh9MKrx0EDyy/view
https://play.google.com/store/apps/details?id=com.google.android.inputmethod.latin&hl=en_CA&gl=US

Character Set

Color code:
In all the tables below, the following cell colors are to be interpreted as follows:
e Green: characters that will be included in our layout.
e Red: characters that are decidedly not needed.
e Grey: characters that won’t be included in our keyboard, but would have been considered if we
had space.

Greek and Coptic Unicode Block (14 characters)
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https://en.wikipedia.org/wiki/%CD%B0
https://en.wikipedia.org/wiki/%CD%B0
https://en.wikipedia.org/wiki/%CD%B2
https://en.wikipedia.org/wiki/%CD%B2
https://en.wikipedia.org/wiki/%CA%B9
https://en.wikipedia.org/wiki/%CD%B5
https://en.wikipedia.org/wiki/%CD%B6
https://en.wikipedia.org/wiki/%CD%B6
https://en.wikipedia.org/wiki/%CD%BA
https://en.wikipedia.org/wiki/Lunate_sigma
https://en.wikipedia.org/wiki/Lunate_sigma
https://en.wikipedia.org/wiki/Lunate_sigma
https://en.wikipedia.org/wiki/Question_mark#Greek_question_mark
https://en.wikipedia.org/wiki/%CD%BF
https://en.wikipedia.org/wiki/%CE%84
https://en.wikipedia.org/wiki/%CE%85
https://en.wikipedia.org/wiki/%CE%86
https://en.wikipedia.org/wiki/%C2%B7
https://en.wikipedia.org/wiki/%CE%88
https://en.wikipedia.org/wiki/%CE%89
https://en.wikipedia.org/wiki/%CE%8A
https://en.wikipedia.org/wiki/%CE%8C
https://en.wikipedia.org/wiki/%CE%8E
https://en.wikipedia.org/wiki/%CE%8F
https://en.wikipedia.org/wiki/%CE%90
https://en.wikipedia.org/wiki/%CE%91
https://en.wikipedia.org/wiki/%CE%92
https://en.wikipedia.org/wiki/%CE%93
https://en.wikipedia.org/wiki/%CE%94
https://en.wikipedia.org/wiki/%CE%95
https://en.wikipedia.org/wiki/%CE%96
https://en.wikipedia.org/wiki/%CE%97
https://en.wikipedia.org/wiki/%CE%98
https://en.wikipedia.org/wiki/%CE%99
https://en.wikipedia.org/wiki/%CE%9A
https://en.wikipedia.org/wiki/%CE%9B
https://en.wikipedia.org/wiki/%CE%9C
https://en.wikipedia.org/wiki/%CE%9D
https://en.wikipedia.org/wiki/%CE%9E
https://en.wikipedia.org/wiki/%CE%9F
https://en.wikipedia.org/wiki/Pi_(letter)
https://en.wikipedia.org/wiki/%CE%A1
https://en.wikipedia.org/wiki/%CE%A3
https://en.wikipedia.org/wiki/%CE%A4
https://en.wikipedia.org/wiki/%CE%A5
https://en.wikipedia.org/wiki/%CE%A6
https://en.wikipedia.org/wiki/%CE%A7
https://en.wikipedia.org/wiki/%CE%A8
https://en.wikipedia.org/wiki/%CE%A9
https://en.wikipedia.org/wiki/%CE%AA
https://en.wikipedia.org/wiki/%CE%AB
https://en.wikipedia.org/wiki/%CE%86
https://en.wikipedia.org/wiki/%CE%88
https://en.wikipedia.org/wiki/%CE%89
https://en.wikipedia.org/wiki/%CE%8A
https://en.wikipedia.org/wiki/%CE%B0
https://en.wikipedia.org/wiki/%CE%91
https://en.wikipedia.org/wiki/%CE%92
https://en.wikipedia.org/wiki/%CE%93
https://en.wikipedia.org/wiki/%CE%94
https://en.wikipedia.org/wiki/%CE%95
https://en.wikipedia.org/wiki/%CE%96
https://en.wikipedia.org/wiki/%CE%97
https://en.wikipedia.org/wiki/%CE%98
https://en.wikipedia.org/wiki/%CE%99
https://en.wikipedia.org/wiki/%CE%9A
https://en.wikipedia.org/wiki/%CE%9B
https://en.wikipedia.org/wiki/%CE%9C
https://en.wikipedia.org/wiki/%CE%9D
https://en.wikipedia.org/wiki/%CE%9E
https://en.wikipedia.org/wiki/%CE%9F
https://en.wikipedia.org/wiki/Pi_(letter)
https://en.wikipedia.org/wiki/%CE%A1
https://en.wikipedia.org/wiki/%CE%A3
https://en.wikipedia.org/wiki/%CE%A3
https://en.wikipedia.org/wiki/%CE%A4
https://en.wikipedia.org/wiki/%CE%A5
https://en.wikipedia.org/wiki/%CE%A6
https://en.wikipedia.org/wiki/%CE%A7
https://en.wikipedia.org/wiki/%CE%A8
https://en.wikipedia.org/wiki/%CE%A9
https://en.wikipedia.org/wiki/%CE%AA
https://en.wikipedia.org/wiki/%CE%AB
https://en.wikipedia.org/wiki/%CE%8C
https://en.wikipedia.org/wiki/%CE%8E
https://en.wikipedia.org/wiki/%CE%8F
https://en.wikipedia.org/wiki/%CF%8F
https://en.wikipedia.org/wiki/%CE%92
https://en.wikipedia.org/wiki/%CE%98
https://en.wikipedia.org/wiki/%CF%92
https://en.wikipedia.org/wiki/%CF%93
https://en.wikipedia.org/wiki/%CF%94
https://en.wikipedia.org/wiki/%CE%A6
https://en.wikipedia.org/wiki/Pi_(letter)
https://en.wikipedia.org/wiki/Kai_(conjunction)
https://en.wikipedia.org/wiki/%CF%98
https://en.wikipedia.org/wiki/%CF%98
https://en.wikipedia.org/wiki/%CF%9A
https://en.wikipedia.org/wiki/%CF%9A
https://en.wikipedia.org/wiki/%CF%9C
https://en.wikipedia.org/wiki/%CF%9C
https://en.wikipedia.org/wiki/%CF%9E
https://en.wikipedia.org/wiki/%CF%9E
https://en.wikipedia.org/wiki/%CF%A0
https://en.wikipedia.org/wiki/%CF%A0
https://en.wikipedia.org/wiki/%CF%A2
https://en.wikipedia.org/wiki/%CF%A2
https://en.wikipedia.org/wiki/%CF%A4
https://en.wikipedia.org/wiki/%CF%A4
https://en.wikipedia.org/wiki/%CF%A6
https://en.wikipedia.org/wiki/%CF%A6
https://en.wikipedia.org/wiki/%CF%A8
https://en.wikipedia.org/wiki/%CF%A8
https://en.wikipedia.org/wiki/%CF%AA
https://en.wikipedia.org/wiki/%CF%AA
https://en.wikipedia.org/wiki/%CF%AC
https://en.wikipedia.org/wiki/%CF%AC
https://en.wikipedia.org/wiki/%CF%AE
https://en.wikipedia.org/wiki/%CF%AE
https://en.wikipedia.org/wiki/%CE%9A
https://en.wikipedia.org/wiki/%CE%A1
https://en.wikipedia.org/wiki/%CE%A3
https://en.wikipedia.org/wiki/%CF%B3
https://en.wikipedia.org/wiki/%CF%B4
https://en.wikipedia.org/wiki/%CE%95
https://en.wikipedia.org/wiki/%CF%B6
https://en.wikipedia.org/wiki/%CF%B7
https://en.wikipedia.org/wiki/%CF%B7
https://en.wikipedia.org/wiki/%CF%B9
https://en.wikipedia.org/wiki/%CF%BA
https://en.wikipedia.org/wiki/%CF%BA
https://en.wikipedia.org/wiki/%CF%BC
https://en.wikipedia.org/wiki/%CF%BD
https://en.wikipedia.org/wiki/%CF%BE
https://en.wikipedia.org/wiki/%CF%BF

Coptic Unicode Block (123 characters)

The entirety of the Coptic unicode block should be included.

U+2C8x

U+2C9x

U+2CAx

U+2CBx

U+2CCx

U+2CDx

U+2CEx

U+2CFx

Epact Numbers (1 character out of 28)
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From the Epact Numbers, at least the Thousand Mark should be included.

U+102Ex
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U+l102Fx | @A @ | B (B (B |@|@|@|& || B | E

Layman Characters (27 + 12 =39 /42)

The Layman Characters are non-alphabetical characters on the Latin keyboard, which generally belong to
the following categories:

e Punctuation Marks

e Digits and Mathematical symbols

Main Keys Number row (Normal) Number row (Shift)
1 !
) 2 @
“ 3 #
. 4 $
5 %
/ 6 2
? 7 &
[ 8 *
] 9 (
{ 0 )
} - _
< = +
> \ I

Researcher Characters

Currently, we have space for 47 * 4 - [14 (demotic) + 50 (greek) + 61(block remainder except Nubian) +
12 (Latin keyboard) + 1 (epact thousand mark) + 27 (Latin keyboard)] = 23 characters.
These include:



e Non-combining diacritics that are using by researchers on digitizing Coptic

Marek Z Jeziorek # 5 <marekj @ google.com>

The closest to the standard is Unicode's documentation (or at least that's what Noto is using). Coptic is not
defined in the Unicode in a single chapter and IMHO definition might be incomplete.

e Coptic characters and diacritics need to be searched for at
https://www.unicode.org/Public/13.0.0/charts/CodeCharts.pdf .

e Description (IMHO might be incomplete) is at
https://www.unicode.org/versions/Unicode13.0.0/UnicodeStandard-13.0.pdf (see page 308
chapter 7.3 Coptic; also page 835 )

However, implementers of Coptic ought to also research other documentation. For example here are the
submissions to the Unicode ad-hoc group (the team that reviews the scripts and passes them onto UTC for
approvals). These submissions might have more info than the Unicode's official doc:

https://www.unicode.org/I.2/1.2010/1042 1 r-coptic-numbers-name-change.pdf
https://www.unicode.oreg/L.2/1.2010/10348-n3912-coptic-adds.pdf

https://www.unicode.org/[.2/1.2011/11062r-coptic-epact.pdf
https://www.unicode.org/L.2/1.2004/04130-n2744-coptic.pdf

Support Abbreviations

CA: Christian Askeland
CUI: Coptic Unicode Input
<D 17?

MR: Mina Makar

ML: Mina Mikhail

GG: Google Gboard

MJ: Marek Z Jeziorek
WS: Wikipedia Snapshot
WJ: Wazu Japan

NA: New Athena Unicode Coptic Font
AN: Antinoou Font

Combining Characters

This list contains diacritics that are used in various Coptic dialects.

>z

Character (selected ones are highlighted in alals IR IC |a
green)

z>

'COMBINING GRAVE ACCENT:' (U+0300) N



mailto:marekj@google.com
https://www.unicode.org/Public/13.0.0/charts/CodeCharts.pdf
https://www.unicode.org/versions/Unicode13.0.0/UnicodeStandard-13.0.pdf
https://www.unicode.org/L2/L2010/10421r-coptic-numbers-name-change.pdf
https://www.unicode.org/L2/L2010/10348-n3912-coptic-adds.pdf
https://www.unicode.org/L2/L2011/11062r-coptic-epact.pdf
https://www.unicode.org/L2/L2004/04130-n2744-coptic.pdf
https://www.fileformat.info/info/unicode/char/0300/index.htm

'COMBINING ACUTE ACCENT' (U+0301) X
'COMBINING CIRCUMFLEX ACCENT'

(U+0302) X
'COMBINING MACRON!' (U+0304) N
'COMBINING OVERLINE' (U+0305) N
'COMBINING DOT ABOVE' (U+0307) N
'COMBINING DIAERESIS' (U+0308) A
'COMBINING DOUBLE ACUTE ACCENT'

(U+030B) X
'COMBINING CARON' (U+030C) N
'COMBINING INVERTED BREVE' (U+0311) X
'COMBINING DOT BELOW' (U+0323) A
'COMBINING VERTICAL LINE BELOW!
(U+0329) A
'COMBINING DOUBLE OVERLINE' (U+033F) |&
'COMBINING DOT ABOVE RIGHT' (U+0358) |
'COMBINING DOUBLE MACRON' (U+035E) a
'COMBINING DOUBLE INVERTED BREVE'

U+0361 N
'COMBINING DOUBLE CIRCUMFLEX ABOVE' |l

(U+1DCD) A
'COMBINING DOT ABOVE LEFT' (U+1DF8) Al

'COMBINING MACRON LEFT HALF' (U+FE24) [an
'COMBINING MACRON RIGHT HALF'

(U+FE25) Al
'COMBINING CONJOINING MACRON'

(U+FE26) Al



https://www.fileformat.info/info/unicode/char/0301/index.htm
https://www.fileformat.info/info/unicode/char/0302/index.htm
https://www.fileformat.info/info/unicode/char/0302/index.htm
https://www.fileformat.info/info/unicode/char/304/index.htm
https://www.fileformat.info/info/unicode/char/0305/index.htm
https://www.fileformat.info/info/unicode/char/0307/index.htm
https://www.fileformat.info/info/unicode/char/0308/index.htm
https://www.fileformat.info/info/unicode/char/030b/index.htm
https://www.fileformat.info/info/unicode/char/030b/index.htm
https://www.fileformat.info/info/unicode/char/030c/index.htm
https://www.fileformat.info/info/unicode/char/0311/index.htm
https://www.fileformat.info/info/unicode/char/0323/index.htm
https://www.fileformat.info/info/unicode/char/0329/index.htm
https://www.fileformat.info/info/unicode/char/0329/index.htm
https://www.fileformat.info/info/unicode/char/033f/index.htm
https://www.fileformat.info/info/unicode/char/0358/index.htm
https://www.fileformat.info/info/unicode/char/035e/index.htm
https://www.fileformat.info/info/unicode/char/0361/index.htm
https://www.fileformat.info/info/unicode/char/0361/index.htm
https://www.fileformat.info/info/unicode/char/1dcd/index.htm
https://www.fileformat.info/info/unicode/char/1dcd/index.htm
https://www.fileformat.info/info/unicode/char/1df8/index.htm
https://www.fileformat.info/info/unicode/char/fe24/index.htm
https://www.fileformat.info/info/unicode/char/fe25/index.htm
https://www.fileformat.info/info/unicode/char/fe25/index.htm
https://www.fileformat.info/info/unicode/char/fe26/index.htm
https://www.fileformat.info/info/unicode/char/fe26/index.htm

Non-combining Characters

This list contains punctuation marks that are used in various Coptic dialects. It also includes characters

that are used by researchers for digitizing Coptic manuscripts.

Character (selected ones are highlighted in green) | ¢4 | €Y |-P | MR [ ML | GG | MJ
'SECTION SIGN' (U+00A7) §

'PLUS-MINUS SIGN' (U+00B1) +

'MIDDLE DOT' (U+00B7)
'MULTIPLICATION SIGN' (U+00D7) X

'GREEK SMALL LETTER ARCHAIC KOPPA'

(U+03D9) 0

'FIGURE DASH' (U+2012) -

'EN DASH' (U+2013) —

'EM DASH' (U+2014) —
'DOUBLE VERTICAL LINE' (U+2016) I

'LEFT DOUBLE QUOTATION MARK' (U+201C) [

'RIGHT DOUBLE QUOTATION MARK' (U+201D) [

'DAGGER' (U+2020) i
'HORIZONTAL ELLIPSIS' (U+2026)

'PER MILLE SIGN' (U+2030) 6o

'THREE DOT PUNCTUATION' (U+2056)
'FOUR DOT PUNCTUATION' (U+2058)
'FIVE DOT PUNCTUATION' (U+2059)
'DOTTED CROSS' (U+205C) i+

'TRICOLON' (U+205D)

'METRICAL BREVE' (U+23D1) -
'MATHEMATICAL LEFT WHITE SQUARE

BRACKET' (U+27E6) I
'MATHEMATICAL RIGHT WHITE SQUARE

BRACKET' (U+27E7) I

'DOUBLE OBLIQUE HYPHEN' (U+2E17) 2



https://www.fileformat.info/info/unicode/char/00a7/index.htm
https://www.fileformat.info/info/unicode/char/00b1/index.htm
https://www.fileformat.info/info/unicode/char/00B7/index.htm
https://www.fileformat.info/info/unicode/char/00d7/index.htm
https://www.fileformat.info/info/unicode/char/03d9/index.htm
https://www.fileformat.info/info/unicode/char/03d9/index.htm
https://www.fileformat.info/info/unicode/char/2012/index.htm
https://www.fileformat.info/info/unicode/char/2013/index.htm
https://www.fileformat.info/info/unicode/char/2014/index.htm
https://www.fileformat.info/info/unicode/char/2016/index.htm
https://www.fileformat.info/info/unicode/char/201c/index.htm
https://www.fileformat.info/info/unicode/char/201d/index.htm
https://www.fileformat.info/info/unicode/char/2020/index.htm
https://www.fileformat.info/info/unicode/char/2026/index.htm
https://www.fileformat.info/info/unicode/char/2030/index.htm
https://www.fileformat.info/info/unicode/char/2056/index.htm
https://www.fileformat.info/info/unicode/char/2058/index.htm
https://www.fileformat.info/info/unicode/char/2059/index.htm
https://www.fileformat.info/info/unicode/char/205c/index.htm
https://www.fileformat.info/info/unicode/char/205d/index.htm
https://www.fileformat.info/info/unicode/char/23d1/index.htm
https://www.fileformat.info/info/unicode/char/27e6/index.htm
https://www.fileformat.info/info/unicode/char/27e6/index.htm
https://www.fileformat.info/info/unicode/char/27e7/index.htm
https://www.fileformat.info/info/unicode/char/27e7/index.htm
https://www.fileformat.info/info/unicode/char/2E17/index.htm

'RAISED DOT' (U+2E33)

'RAISED COMMA' (U+2E34)

NS



https://www.fileformat.info/info/unicode/char/2E33/index.htm
https://www.fileformat.info/info/unicode/char/2E34/index.htm

Character Set Reasoning

Punctuation marks and digits are extremely important. Those weren’t compromised. It was also preferred
to include all the mathematical symbols.



Romanization

See Library of Congress.

Coptic Letter Romanization Placement
A A A
B B B
r G G
A D D
€ E E
Z Z 4
H E Y
S} TH )
1 I I
K K K
A L L
M M M
N N N
z X [
O O O
T P P
% R R
C S S
T T T
Y U U
¢ PH \%
X CH Q
Y PS ]
@ 0 w
11| S /



https://www.loc.gov/catdir/cpso/romanization/coptic.pdf

Ky

TI




Layout Placement Criteria

Intuitiveness for Laymen

Prioritization

Category Coun | Source List Purpose
t

Bohairic & Sahidic 32 x 2 | Coptic and ABIAESZHOIKAMNZOTTP | Coptic Alphabet
Alphabet Greek Unicode | CTYPXYDWIh2 X6t
Bohairic diacritics 2 Other AN Bohairic Diacritics
Punctuation Marks #1 2 Latin Keyboard | ,. Modernization
Punctuation Marks #2 15 Latin Keyboard | ;:>/?7-=1%*()_+ Modernization
Modern Digits 10 Latin Keyboard | 0123456789 Modernization
Punctuation Marks #3 | 12 Latin Keyboard | [[{}<>~#$" &I Modernization
Coptic Abbreviations | 7 Coptic Unicode | EifificicPRoc Legacy Monograms
Coptic Non-Epact 1x2 | Coptic Unicode | P Legacy Numerals
Digits
Epact Thousand Mark | 1 Epact Unicode | &l Legacy Numerals
Double Overline 1 Other X Legacy Numerals
Fraction One Half 1 Coptic Unicode | s Legacy Numerals
Akhmimic Letters 1x2 | Coptic Unicode Akhmimic
Old Bohairic Letters 1x2 | Coptic Unicode Bohairic
Modern Coptic 13 Other &&&&&&A&&&A&Db\ﬂb\ﬂ Major dialects
Diacritics
Modern Coptic 8 Other §+—F = Research

Researcher symbols




Ancient Coptic 2 Coptic Unicode | "> Research
Punctuation Marks

Ancient Coptic 3 Coptic Unicode | ajalal Research
Diacritics

Old Coptic Letters 11 x 2 | Coptic Unicode Research
Dialect-P Letters 4 x2 | Coptic Unicode Research
Peculiar Letters 2x 2 | Coptic Unicode Research
Cryptogrammic Letters | 4 x 2 | Coptic Unicode Research
Old Nubian Letters 4 x2 | Coptic Unicode Research
Old Nubian 2x 2 | Coptic Unicode Research

Punctuation Marks

Resemblance to the Latin QWERTY layout

Typing Speed in Bohairic

This only applies to the placement of the 32 letters of the Coptic Bohairic alphabet.

Minimizing distance

The more frequent letters should be placed on the home row.

Minimizing same-finger collisions

For example, the German keyboard layout resembles the standard Latin layout, with the exception that Y
and Z are swapped because the combinations “TZ” and “ZU” are frequent in German, so it was desirable
for Z to be assigned to a different hand, other than that of T and U. This decision was also made because Z
is far more common in German than Y, with a frequency of 1.13% for Z in comparison to 0.04% for Y.


https://en.wikipedia.org/wiki/German_keyboard_layout

o 1 sler e #]s wgl[* - A&z . _ Backs
t:nl 1" 2% 3#1 4$1 5§[ s_l 73-‘—1 3_1 é—[ 6 T_] Y
. L ra " [ O 4 a3 L .IJLI- E_E 4 2 3 _L i el i
Tab O W% WEcllFe WUy Wy B Moo WPn WAl P |
3 ¥ ®if " [ 1 /
( Caps Lock A S D B G H J K L : “i1" . .| Enter
AL C A q r 22 X9 K AL : ‘ e
& K |
Shift Z W ol WV Wee WM B I+ W uolll™
2 b rols A.E I <l - ;ww
= ‘ Win Alt ‘ Alt Win Menu crri

Combining vs. Dead Keys

It has been decided not to use a dead key.

Layout Reasoning

Bohairic Alphabet

Decisions

e Placing the xmKm was placed on the home row. This way, other fingers can move to letters while
the right pinky anchors the right hand by staying on the home row. Once the other finger has
typed a letter, the pinky can hit the xmkm while the rest of the hand restores its position.

e Diacritics are in the normal-state layer, while punctuation marks are in the Shift layer.

o It’s possible for diacritics to occur on two consecutive letters, while this isn’t possible for
punctuation marks.
o Diacritics are typically more frequent.
o Only diacritics are written mid-word.
Outlying z and Y, to reduce the load on the right pinky.
Assigning 9 (rather than %) to the key of the Latin letter X. The key is more accessible, so it would
have been a waste to assign it to the uncommon z not the common 9.

e Assigning 3 to the same finger as @ and x to the same finger as a (instead of the other way
around), because the collisions sw and xa are less common than the collisions 3a and xw. It was
also done because the voice of x is more similar to that of Q.

Assigning wj to the same finger as m and xINKM, to avoid the collisions ww, wo, and wjt.
Assigning e to the same finger as 1 and x, to avoid the collisions & and eo.
Placing S on the number row.


https://en.wikipedia.org/wiki/Dead_key

Character Set Tables

Coptic unicode block

Letters (28 x 2) -> main keys + two peripheral number row keys?

Dialect / Language | Name Capital | Small | Similar | Similar | Desktop | Cell Phone
/ Function Function | Shape Position | Position
Dialect-P Alef A A

Old Coptic Ain € €
Cryptogrammic | Eie H H
Dialect-P Kapa K Z K
Dialect-P Ni N A N
Cryptogrammic | Ni N N

Old Coptic Oou O O
Numeric Sampi | P P U] P U] u
Crossed Shei U Ul

Old Coptic Shei .6 w

Old Coptic Esh .6 wy
Akhmimic Khei 3. b 3 3
Dialect-P Hori 3 3

Old Coptic Hori 3 2

Old Coptic Ha 3 p 3
L-Shaped Ha 3 N 3




Old Coptic Hei 3

Old Coptic Hat A

Old Coptic Gangi X

a

Old Coptic Dja A X

Old Coptic Shima .6

Old Nubian Shima .6

Old Nubian Ngi NX T

Old Nubian Nyi N

Old Nubian Wau 0,Y,®

Cryptogrammic | Shei W, 6

Cryptogrammic | Gangi X

a

Bohairic Khei b
Abbreviations

Character | Desktop & Cell

Phone Position

K

rﬁ M

L T

de C

P T

¢ X

oc 6




Diacritics

Name Character Desktop Cell Phone
Position Position

'COPTIC COMBINING NI ABOVE' (U+2CEF) Al Diacritics

'COPTI MBINING SPIRITUS ASPER' Al Diacritics

(U+2CF0)

'COPTIC COMBINING SPIRITUS LENIS' Al Diacritics

(U+2CF1)

'COPTIC OLD NUBIAN FULL STOP' (U+2CF9) Punctuation

'COPTIC OLD NUBIAN DIRECT QUESTION Punctuation

MARK' (U+2CFA)

'COPTIC OLD NUBIAN INDIRECT QUESTION Punctuation

MARK' (U+2CFB)

COPTIC OLD NUBIAN VERSE DIVIDER Punctuation

(U+2CFC)

COPTIC FRACTION ONE HALF (U+2CFD) s Punctuation

& Symbols

COPTIC FULL STOP (U+2CFE) > Punctuation

COPTIC MORPHOLOGICAL DIVIDER ) Punctuation

(U+2CFF)

Epact Numbers Thousand Mark

Name Character Desktop Cell Phone
Position Position

'COPTIC EPACT THOUSANDS MARK' Diacritics &

(U+102E0) all Symbols

Diacritics and Punctuation Marks



https://www.fileformat.info/info/unicode/char/2cef/index.htm
https://www.fileformat.info/info/unicode/char/2cf0/index.htm
https://www.fileformat.info/info/unicode/char/2cf0/index.htm
https://www.fileformat.info/info/unicode/char/2cf1/index.htm
https://www.fileformat.info/info/unicode/char/2cf1/index.htm
https://www.fileformat.info/info/unicode/char/2cf9/index.htm
https://www.fileformat.info/info/unicode/char/2cfa/index.htm
https://www.fileformat.info/info/unicode/char/2cfa/index.htm
https://www.fileformat.info/info/unicode/char/2cfb/index.htm
https://www.fileformat.info/info/unicode/char/2cfb/index.htm
https://www.fileformat.info/info/unicode/char/2cfc/index.htm
https://www.fileformat.info/info/unicode/char/2cfc/index.htm
https://www.fileformat.info/info/unicode/char/2cfd/index.htm
https://www.fileformat.info/info/unicode/char/2cfe/index.htm
https://www.fileformat.info/info/unicode/char/2cff/index.htm
https://www.fileformat.info/info/unicode/char/2cff/index.htm
https://www.fileformat.info/info/unicode/char/102e0/index.htm
https://www.fileformat.info/info/unicode/char/102e0/index.htm

Name

Character

Desktop
Position

Cell Phone
Position!

! Distribute over diacritics and punctuation marks.




Orthographic Normalization

Standard Diacritics

XINKIM
'COMBINING GRAVE ACCENT' (U+0300)

Abbreviation Marker

Candidates
e 'COMBINING MACRON' (U+0304)
e 'COMBINING OVERLINE' (U+0305)
e 'COMBINING CONJOINING MACRON' (U+FE26)
TACS recommends either U+0304 or U+0305.
Orthographic normalization for a text in the Coptic language will typically consist of the steps below.
Some of them might be unnecessary, and others might be introduced, depending on the use case.
e Converting all jinkims to the ' COMBINING GRAVE ACCENT' (U+0300).
e Converting all horizontal strokes to the 'COMBINING OVERLINE' (U+0305).
e In case non-combining symbols are used, they should be moved one step to the right (if followed
by a character), in order to account for the intended order of the combining symbols.
e Changing uppercase letters to lowercase ones.



Frequencies and Collisions Statistics

N.B. This data was collected from the Bohairic version of the New Testament published by
unbound.biola.edu.

Letter Frequencies®

Letter Number of occurrences| Percentage
e 85285 12.73
N 71254 10.63
(0) 64678 9.65
A 52160 7.78

1 46372 6.92
Y 39950 5.96
T 33253 4.96
M 32915 4.91
C 25218 3.76
1 22284 3.33
p 22018 3.29
23 20634 3.08

(0)) 19299 2.88
H 18593 2.77
q 17219 2.57
X 14626 2.18
[11] 10565 1.58
B 10125 1.51
A 9942 1.48
¥ 9189 1.37

% Around 53.67% of the text is written in six letters only, namely €, N, O, J, 1, and Y.


http://unbound.biola.edu

K 8335 1.24
b 7745 1.16
) 7539 1.12
(S} 7291 1.09
A 4622 0.69
X 3050 0.46
r 2815 0.42
6 2352 0.35
Z 429 0.06
Z 235 0.04
Y 146 0.02
SUM 670138 100 %
Heatmap®
HS’ I 1! 1@2 I#s l$4 I %{, I-«S I&; é é 6 - I ; IBackspace
7 |~ - —
Tab Q w | IR T u [ 0 P { } Y
x | w ‘ | P H | 0 n ‘I[ 3 I] Wy I\ i
N —— —! I —
Caps Lock A 35 D F H K L e . | Enter
2 C A q 2 K A ' )
=shin Z X C v N M < > 7 Shift
z b 6 © N W e T ) w
I ] Win [Alt ] [Alt ] Win [Menu ] Cir

Letter Adjacency Statistics

The total number of adjacent letters (called pairs in this paper) in the analyzed text of the Bohairic New

Testament is 547,182.*

* Generated from Keyboard Heatmap | Realtime heatmap visualization of text character distribution.
*“Oy” alone accounts for more than 7% of the total number of occurrences. This explains why Coptic

scribes often wrote the combination as a single character, which sadly doesn’t exist in the unicode.



https://www.patrick-wied.at/projects/heatmap-keyboard/

9 ¢ ’

To explain how the count is taken, consider the word “ovon”. This contains 3 pairs, namely “oy”, “vo”,
and “on”.

Both “oy” and “vo” are placed on the same row. The sum of the number of occurrences of both pairs is the
collision count of the pair “o” and “v”.

Pairs that make up at least 1% of the text are shown below.

The full table is too long to include here, so it’s available in the appendix.

Pair Same Adjacent Same

Pair Frequency (reversed) Frequency Sum Percentage finger? fingers? hand?

oy 31004 vo 7611 38615 7.06 FALSE FALSE TRUE
€N 15889 ne 7198 23087 422 FALSE FALSE FALSE
Te 13186 et 9659 22845 4.18 FALSE TRUE TRUE
NA 8927 an 6224 15151 277 FALSE FALSE FALSE
NO 7523 on 4003 11526 2.11 FALSE FALSE TRUE
xe 7897 ex 2072 9969 1.82 FALSE FALSE FALSE
N 6770 2713 9483 1.73  FALSE TRUE TRUE
€p 6192 pe 3271 9463 1.73  FALSE TRUE TRUE
e 6330 en 3022 9352 1.71 FALSE FALSE FALSE
€M 6643 ne 2565 9208 1.68 FALSE FALSE FALSE
™™ 5183 ar 2728 7911 1.45 FALSE FALSE TRUE
oc 5670 co 2102 7772 1.42  FALSE FALSE FALSE
02 5980 2o 1665 7645 1.4 FALSE FALSE TRUE
m 6667 822 7489 1.37 FALSE FALSE TRUE
al 5256 2069 7325 1.34 FALSE FALSE FALSE
N 5327 va 1689 7016 1.28 FALSE FALSE FALSE
aq 6451 Ya 214 6665 1.22 FALSE FALSE TRUE
HO 4973 ou 1273 6246 1.14 FALSE FALSE TRUE
NT 5972 ™ 38 6010 1.1 FALSE FALSE FALSE
€B 4057 Be 1944 6001 1.1 FALSE TRUE TRUE
eq 4620 Ye 1254 5874 1.07 FALSE TRUE TRUE
ap 3961 pa 1863 5824 1.06 FALSE FALSE TRUE
TO 3932 ot 1614 5546 1.01 FALSE FALSE FALSE

981% / 26.62% /
SUM 178410 67613 246023 44.97 % 0% 44.97 % 44.97 %



Same Finger Collisions

Pairs made of the same letter, such as “mm”, aren’t treated as collisions in our calculations.
In the analyzed texts, 7.14% of the time, a consecutive pair of letters will be written with the same finger.

Pair Frequency Pair (reversed) Frequency Sum Percentage

O\ 4099 o 1030 5129 0.94
NH 2523 un 1028 3551 0.65
A€ 3345 ea 91 3436 0.63
NX 2488 xn 0 2488 0.45
YN 2460 ny 5 2465 0.45
cw 1700 wc 673 2373 0.43
K 2044 2n 168 2212 0.4
MH 1765 un 239 2004 0.37
YH 1752 ny 32 1784 0.33
1K 1081 w 548 1629 0.3
Tq 1033 qr 466 1499 0.27
2H 1097 ne 1 1098 0.2
bp 903 po 195 1098 0.2
YX 947 xv 0 947 0.17
Y2 767 2y 109 876 0.16
X& 547 ax 100 647 0.12
NM 465 mn 171 636 0.12
nw 585 wn 5 590 0.11
TP 386 pr 181 567 0.1
ot 303 to 189 492 0.09
2H 338 me 135 473 0.09
P4 246 dp 214 460 0.08
Cb 306 sc 1 307 0.06
10 257 el 48 305 0.06
T 257 ot 1 258 0.05
Az 162 za 73 235 0.04

3w 164 wb 39 203 0.04



YH 191 ny 0 191 0.03

BP 105 p8 63 168 0.03
BT 121 T8 13 134 0.02
€6 98 &e 29 127 0.02
TP 72 pr 55 127 0.02
H 80 nx 46 126 0.02
MX 108 xu 0 108 0.02
xC 90 2x 1 91 0.02
e 89 &4 0 89 0.02
qs 59 Bq 3 62 0.01
SUM 7.14%

Xinkim Collisions

It wasn’t possible to programmatically count the number of collisions of xmkim’s. However, the following
letters are notably often used with a «xmnkii. The only collision is that of r.
e Markers
o M
o N
e Vowels
o €
o 1
o A
o
e Definite articles
o O
o T
o I
o ¢
e Present tense markers
C

o

o

q
K
X

o

Adjacent Finger Collisions

In 19.43% of the time, a letter pair will be written by adjacent (but not identical) fingers, due to the following pairs.



Pair Frequency
Te
NI
€p
eB
eq
se
(&N
21
Ml
ol
HI
ce
NO
x1
OK
(S
Yl
To

Al

0
6H
SIN
oM
NK
re
wt
XW
YK
Jde
KH
MK

YO

Pair (reversed)

13186 et

6770
6192 pe
4057 Be
4620 Ye
4392 ep
2489 ac
3391
1974 w
1969 10
2224 1w
1627 ec
1487 en
1507 1x
1117 ko
1167 %e
1591 v
953 on
1100
996 ow
1210 oe
1251 we
780 ab
622 ne
548 kn
414 er
346 1y
394 wx
310 xy
360 &4
181 nK
174 kn
207 ey

9659
2713
3271
1944
1254
695
2008
597
1805
1783
1162
1490
936
786
1067
491

629
396
387
164
61
225
185
77
42
76

75

123

129
67

Sum

22845
9483
9463
6001
5874
5087
4497
3988
3779
3752
3386
3117
2423
2293
2184
1658
1591
1582
1496
1383
1374
1312
1005
807
625
456
422
397
385
360
304
303
274

Percentage

4.18
1.73
1.73

1.1
1.07
0.93
0.82
0.73
0.69
0.69
0.62
0.57
0.44
0.42

0.4

0.3
0.29
0.29
0.27
0.25
0.25
0.24
0.18
0.15
0.11
0.08
0.08
0.07
0.07
0.07
0.06
0.06
0.05



KX 207 xK 18 225 0.04

wa 147 aw 62 209 0.04
it 141 h 63 204 0.04
AT 121 74 195 0.04
tn 161 nt 10 171 0.03
K2 139 2k 28 167 0.03
AW 75 oA 64 139 0.03
(13 89 «t 37 126 0.02
PA 64 aAp 55 119 0.02
6P 87 p6 19 106 0.02
T6 104 o1 0 104 0.02
6w 100 w6 0 100 0.02
cX 67 xc 16 83 0.02
KX 76 ¥K 2 78 0.01
2e 76 e2 0 76 0.01
ew 57 we 9 66 0.01
c6 44 &c 10 54 0.01
252N 27 N0 18 45 0.01
w 37 wz 0 37 0.01
SUM 19.43%

Same Hand Collisions

In around 50% of the time, an adjacent pair of letters will be written with the same hand. The list is too
long to produce in the doc. The full statistics on letter adjacencies are available in the appendix.

Comparison to Common Latin Layouts

QWERTY
WERTY

DVORAK
DVORAK keyboard layout



https://en.wikipedia.org/wiki/QWERTY
https://en.wikipedia.org/wiki/Dvorak_keyboard_layout

This compares to the following frequencies and heatmap for the English language.’

Letter Percentage Letter | Percentage
E 8.17| M 9.06
T 6.75| F 6.09
A 1.49| P 2.76
I 751 Y 6.97
N 2.78| G 0.98
0 1.93| W 0.15
S 425V 2.36
R 0.1|B 0.77
L 127K 0.15
D 5.99| X 4.03
H 2.23|J 1.97
C 6.33| Q 2.41
U 2.02| Z 0.07
Heatmap

~ I + IBackspace
{
[ 3

[T

Enter

Shift

[m ] Win [Menu ] o

> Frequencies obtained from English letter frequencies.



http://cs.wellesley.edu/~fturbak/codman/letterfreq.html

The two heatmaps are surprisingly similar. This is because the seven most frequent letters in English are
A, T,E, I, N, O, and S; while the seven most frequent letters in Coptic are €, N, O, &, 1, Y, and T. Six of
those are counterparts, and are placed on the same location on the keyboard, namely €, E; N, N; O, O;
A;LL;and T, T.

The two six-letter groups of counterparts constitute ~52.67% of Coptic text, and ~28.63% of English text.



References

Modernization

e [1] THOUGHTS ON THE MODERNISATION OF THE COPTIC LANGUAGE: THE
-CALLED “SIXTH COPTIC . ETTER” - MUST FROM COPTIC AT.PHABET

[2] THOUGHTS ON THE MODERNISATION OF THE COPTIC L ANGUAGE: THE COPTIC

NUMERICAIL NOTATION SYSTEM MUST CHANGE

[3] THOUGHTS ON THE MODERNISATION OF THE COPTIC LANGUAGE: THE COPTS

MUST FIND A WORD FOR ‘ZERO’

[4] THOUGHTS ON THE MODERNISATION OF THE COPTIC LANGUAGE: WE NEED A
PTIC WORD FOR THE ‘DECIMAL POINT”

[SI THOUGHTS ON THE MODERNISATION OF THE COPTIC L ANGUAGE:
PUNCTUATION. PUNCTUATION. PUNCTUATION!

Existing Layouts

e Moheb Mekhaiel - Coptic-Unicode-Basic-Codes
e Coptic Comprehensive Unicode Test Page

QWERTY
o The Curse of QWERTY


https://copticliterature.wordpress.com/2019/08/24/1-quick-thoughts-on-the-modernisation-of-the-coptic-language-the-so-called-six-coptic-letter-co-ou-must-go-from-coptic-alphabet/
https://copticliterature.wordpress.com/2019/08/24/1-quick-thoughts-on-the-modernisation-of-the-coptic-language-the-so-called-six-coptic-letter-co-ou-must-go-from-coptic-alphabet/
https://copticliterature.wordpress.com/2019/08/25/2-thoughts-on-the-modernisation-of-the-coptic-language-the-coptic-numerical-notation-system-must-change/
https://copticliterature.wordpress.com/2019/08/25/2-thoughts-on-the-modernisation-of-the-coptic-language-the-coptic-numerical-notation-system-must-change/
https://copticliterature.wordpress.com/2019/08/27/3-thoughts-on-the-modernisation-of-the-coptic-language-the-copts-must-find-a-word-for-zero/
https://copticliterature.wordpress.com/2019/08/27/3-thoughts-on-the-modernisation-of-the-coptic-language-the-copts-must-find-a-word-for-zero/
https://copticliterature.wordpress.com/2019/09/04/4-thoughts-on-the-modernisation-of-the-coptic-language-we-need-a-coptic-word-for-the-decimal-point/
https://copticliterature.wordpress.com/2019/09/04/4-thoughts-on-the-modernisation-of-the-coptic-language-we-need-a-coptic-word-for-the-decimal-point/
https://copticliterature.wordpress.com/2019/09/25/5-thoughts-on-the-modernisation-of-the-coptic-language-punctuation-punctuation-punctuation/
https://copticliterature.wordpress.com/2019/09/25/5-thoughts-on-the-modernisation-of-the-coptic-language-punctuation-punctuation-punctuation/
http://www.moheb.de/download/Coptic-Unicode-Basic-Codes.pdf
http://www.wazu.jp/gallery/Test_Coptic.html
https://www.discovermagazine.com/technology/the-curse-of-qwerty

Appendix

Existing Layouts

Christian Askeland®

State: Normal

EE
o=
HE
=
gE
o
Ea
BE
B
me
s
I:

gR
A
e
2=
g
Hle
=
S
Fl
aE
e
r

B
B
[-]
[<]
[<]
E
]
]
B
]
]
ﬁ

]
[]
[
[
E
K

5]
—
=
w2
=
=.
::'p

F
1

rl
H

HAHR
LA I T LAD I
ENENE DN OO
EHEEEDnaoNaan

HEEERNE NN E R
I =]

[

% Hany Takla: This layout is widely used in scholarly circles. It works for all dialects.


https://sites.google.com/site/askelandchristian/copticlinks

Older Layout (deprecated)

Esc Fl 7 F3 F4 Fs | ¥6 | F7 | F§ | Fo | Flo | Fll | FI2

Caps Lock

Coptic Unicode Input

[download for macOS]

State: Normal


https://ucbclassics.dreamhosters.com/djm/coptic.html
https://drive.google.com/drive/folders/1aR_IsQQbrVr3ZA3mhFlwQCGePSPD7MSO?usp=sharing

888 Keyboard Viewer {Coptic Unicode)
ec [ F1 [ F2 [ F3 [T Fa T F5 [ F6 [ F7 [l F8 [ Fs ] Fio [ Fi1 [ Fi2 |
o R R PV P S 0 0 0 o o e -
+ le|low|e|(p|T|Y|Y|1]|O]|nO ——-
S OO O OO0 0 0 O 00 o o e 4-?
s Zanba bl (Dol Bl bl bk o o
fa |~ || 8 TR
Font: | New Athena Unicode H
State: Shift
888 Keyboard Viewer {Coptic Unicode)
ec | F1L [ F2 [[F3 [ F& [ Fs [l F6 [ F7 || F8 [ F9 [ Fio [ Fi1 [l F12 |
0 O OO0 YO L O o S U T O 4650 U O Wt v .
P TG 70 V=0 o 0 0 e o |
o |alc|a|[s|T|a|[x|R|X P —
200 T . T W Wy
foal ool L df aé | = "
Font: | New Athena Unicode =




State: Option’

888 Keyboard Viewer (Coptic Unicode)
e=0 | Fl || F2 || F3 || F4 || F5 || F& || F7 || F& || Fa || F10 || F11 || F12|

. » € € ~ C 4 5 C 7 8- g 0 — C = @

+ | 6]3|"|%|t o Tl O s I e
S 0 00 TS R il T O S 5 N -t
) § P T - T —
fr | ~ % ® | =
Font: | New Athena Unicode H

State: Option + Shift

aea Keyboard Viewer (Coptic Unicode)

£ | F1 || EZ ” E3 " F4 " E5 " F& || F7 ” F& " F9 " F10 " F11 || ElZ |
L -3 R SO NP - o I il R T - — |
BT 0] Y| T =

q 21 b|e|A R
s |l & || I (W IH]l<|>]7?
gﬁ gﬂ - + +
Font: [ Mew Athena Unicode H

7 A small capital C in the corner of the key indicates that this key is for a combining character that is to be typed
after the character to which it is to be applied.



State: CapsLock

888 Keyboard Viewer {(Coptic Unicode)
wc | FL | F2_[.F3 || F4 || F5 [ F6 ]| FZ ]l F8 | F9 ] F10 ] FiL [ F12 ]

‘QI'ETBEMSEC.?;BIBEGE - | @
-n'.eu:re, Puf *{' \( ilojng[gji\
olauir"r ™ x' HIJ\* =
g Eziﬁixiwiﬂi”:ﬂzliiéﬂlﬁ

|~ X % RN

i

Font: r New Athena Unicode I-H

Common Keyboard

State: Normal
t{2]s]4]s]e]|7]8]9]0]-

H | w

€ P T | H T I 0 m

lq?&xl{?\ﬁ

7 | |$ | B | N | & %
-1 -

jfE

.....

State: Alt + Ctrl


https://www.copticchurch.net/coptic_fonts

U




Mina Makar’s macOS Keyboard

Mina: I do not recommend changing this layout as it is the most efficient. And everyone has been using it
for a long time now.

Mina: The digits are useless in Coptic. And on max you can easily change keyboards with shortcuts. So it
doesn't take much effort.

State: Normal

\\

m|

R RR]F s (loc] - || ~ <&

- X || 98 #d [ ™ -

State: Shift

« | [F1|[F2|F3|Fa| |F5|[Fe|F7|[F8| [Fo|Foflr] 2

| | (Y | I | 720 | BN | R (GO O | R | N | B €3



https://drive.google.com/file/d/1G_N56nDN_Z1X8DWafFepVh9MKrx0EDyy/view

State: Caps Lock

't RIPINEINRI o] -|| || # &
= bllW]| €| P HI|Y lffo(ni|oefT S
e |[aflwljalfelfr]e Ale|w
g z [ =1¢ B[N [ M| X &
& N\ 3 38 L A
State: Option
e F1||F2 ]| F3 | F4 FS||F6 || F7 || F8 F9 [| F1O | F11 || F12
T < | > ) ]
P lefof 3]~ o3Pl L6 1 L
o A&yl d| =« L <
i) s = mlwmlful=|-=x £
~ x|l a8 2 x| ~
State: Option + Shift
Xl
EEREERRERNAE
| € AffS(C YD | L <
| @ >~ m uf=|~ o
| ~ X = % [ ~




Suggested Repositionings
e 72X Y. 1.6,0

e Diacritics

Mina Makar’s Windows Keyboard

[efef=fe]=]"]

£ p T H ¥ I

_____

A P r 2 X K A Return
3 C q B M 8 X ' shift

_____

€ F T H Y I

T
il Contral

Decimal Separator {numeric keypad) . |



https://drive.google.com/file/d/1tHgOQPpV6TOAipALj03kEH5plziFRnJK/view

r ™, Backspace

Backspace

[ LP 6 00 N Ll) J_ Return

- ] H u = - shift

Control Control




Mina Makar’s 10S Kevboard

Mina: I would not change the layouts I created, especially for phones. They were rigorously tested by
several users who provided practical feedback. The layout is the final product of what was the most
understandable and easily usable version designed with ease of typing.

» @@aaeo...

- kR R £ P P F ot ~
b WE€ P THY | ON

Adlwaoirie s kK ale
¢ Z 3C9Y9YBNMXG®

123 Y space & T retun

@ Y


https://apps.apple.com/ca/app/coptic-keyboard-bohairic/id1510907422

Android Gboard

@0 «r 8 o - ¢

' & B ® ‘@ B ®H ‘R ‘@ °
O WEPTYY Il ONn3W

2N ION BAN RCIN NI AEIN S KN FAN Bl BEN B
& zZz X Cod®BNMS§GS & &

2123 E? @ TMETPEMNXHMI . Vv



https://play.google.com/store/apps/details?id=com.google.android.inputmethod.latin&hl=en_CA&gl=US

Greek Keyboard

~ (v @z2[#:[s £[% s~ T[& [* =[( !]) °[- =[+ Vo] +—
’ 1 2 3 4 5 6 7 9 0 - = Backspace
j— | ’ < €|P® ¥ O n { «| } »| Enter
" =.ql-w| E| R| T Y u 1| o P |] !
Caps Lock z A o r = A ;o n | _
A S D F G H J K L ' \
shift | > Yoo < > | 2 [shift
& | < | z| x| c¢| v| B| N| M|, /|4y
Ctrl va;: Alt Alt Gr "Kv:; Menu | Ctrl
Russian Keyboard
E ! "INe | % | ?2 (e ) |- |+ |/ l
1 2 3 4 5 6 7 8 9 0 - = \
M | |Y (K |[E [H | |Ww (W |3 [X |b
l—

Tab —pj Enter
:igps ek (@ |[bI [B |[A M [P [0 [N |O [X |3 <«
2> shit 9 y C M n T b b O , 2> s
Ctrl Y(ve'c Alt Alt "Kv:; Menu | Ctrl



https://en.wikipedia.org/wiki/File:KB_Greek.svg
https://commons.wikimedia.org/wiki/File:KB_Russian.svg

Remarks about Major OS’s

Problematic Combinations

MacOS

e Google Docs
o Option +/
o Option + shift + k
o Option + shift +°

e Gmail
o None
e TextEdit
o None
e Pages
o None
Windows
[ ]
Hot Keys
Windows

e Mina Makar: You can setup hotkeys to switch between keyboards on windows. You can make
ctr+1 go to english, ctr+2 go to coptic, ctr+3 go to arabic, ... and so on.



Fonts

Diacritics

Ideally, we want the following set of diacritics to be supported in all fonts:

e 'COMBINING GRAVE ACCENT' (U+0300): &

'COMBINING ACUTE ACCENT' (U+0301): &
'COMBINING CIRCUMFLEX ACCENT' (U+0302): &

'COMBINING MACRON' (U+0304): &

'COMBINING OVERLINE' (U+0305): a

'COMBINING DOT ABOVE' (U+0307): &
'COMBINING DIAERESIS' (U+0308): &

'COMBINING INVERTED BREVE' (U+0311): X

'COMBINING DOT BELOW' (U+0323): &

'COMBINING DOUBLE OVERLINE' (U+033F): &
'COMBINING DOUBLE MACRON' (U+035E): da

'COMBINING DOUBLE INVERTED BREVE' (U+0361): aX

'COMBINING DOUBLE CIRCUMFLEX ABOVE' (U+1DCD): ala
'COMBINING MACRON LEFT HALF' (U+FE24): &

'COMBINING MACRON RIGHT HALF' (U+FE25): I
'COMBINING CONJOINING MACRON' (U+FEZ26): Al

Noto Sans

There are a few open issues. It’s being actively updated.

Antinoou

Hany Takla: It is much superior to any unicode font that was made so far for Coptic.

New Athena

The following diacritics are NOT supported:
e 'COMBINING DOUBLE CIRCUMFLEX ABOVE' (U+1DCD): dlA
e 'COMBINING MACRON LEFT HALF' (U+FE24): &l
e 'COMBINING MACRON RIGHT HALF' (U+FE25): Al
e 'COMBINING CONJOINING MACRON' (U+FE26): All


https://www.fileformat.info/info/unicode/char/0300/index.htm
https://www.fileformat.info/info/unicode/char/0301/index.htm
https://www.fileformat.info/info/unicode/char/0302/index.htm
https://www.fileformat.info/info/unicode/char/304/index.htm
https://www.fileformat.info/info/unicode/char/0305/index.htm
https://www.fileformat.info/info/unicode/char/0307/index.htm
https://www.fileformat.info/info/unicode/char/0308/index.htm
https://www.fileformat.info/info/unicode/char/0311/index.htm
https://www.fileformat.info/info/unicode/char/0323/index.htm
https://www.fileformat.info/info/unicode/char/033f/index.htm
https://www.fileformat.info/info/unicode/char/035e/index.htm
https://www.fileformat.info/info/unicode/char/0361/index.htm
https://www.fileformat.info/info/unicode/char/1dcd/index.htm
https://www.fileformat.info/info/unicode/char/fe24/index.htm
https://www.fileformat.info/info/unicode/char/fe25/index.htm
https://www.fileformat.info/info/unicode/char/fe26/index.htm
https://github.com/googlefonts/noto-fonts/issues?q=is%3Aissue+is%3Aopen+Coptic

Known Rendering Issues in Major OS’s

Google

Noto Sans

Bishoy: I believe it renders everything properly.
Cross-platform Chromium Issues (with combining diacritics)

Android WebView Issues (with demotic characters)

Microsoft

Windows File System (with combining diacritics)

Mina Makar:

Windows doesn't render Unicode in their operating system like Apple. I would work on getting them to
update their Unicode rendering first.

But the keyboard works and if you have a Unicode font installed that supports all the Unicode in the
keyboard it will render.

Antinoou so far is the only one that can.

I mean actually using Coptic Unicode on windows itself doesn't always render.

Like searching or on Microsoft edge.

The issue is that I can use Unicode throughout my Mac and to save files and everything renders. But on
windows not everything will render. Like if I want to save my file all in windows it will not read it but on
mac it will.

I am not talking about apps. I am talking about the Microsoft OS itself not handling unicode.

The OS supports an older version of Unicode and I told them to update it but they didn't seem to care.
Mostly because it is something that only affects a small subset of people.

It will not show demotic characters and it will not combine the letters with certain diacritics.

Office is separate.

Because that depends on installed fonts.

They have to be using a system font that supports all the unicode.

It depends on what font they are using and if it can render all the diacritics and characters.

Office does a good job but even the standard fonts they have like Noto Sans does not support all of them.
It really depends on the fonts used.

But there is also a rendering issue because I had one with FB before.

FB on desktop would support a but not on mobile.

They would support the other jinkim a. They would render uj.

Antinoou is the only font that was designed to handle all the unicode diacritic combinations used in all the
dialects.



But even without that you should be able to do it with system font. like this &D[I\Ifl. Look how many things I
added lol!

Reversing the order for diacritics

Diacritics show on the following, rather than the preceding, letter.
See below. The picture on the right is a screenshot of the same text from an iPhone device.
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Apple

Behavior of Custom Coptic Fonts on macOS and iOS

e Antinoou
Mina Makar: If you have Antinoou font installed, type any of the letters found in the Greek unicode block.
If I start the word with one of those letters it renders in Antinoou font. Otherwise it renders in unicode
block font. You can do this in Chrome as well. It's an interesting phenomenon and I don't understand why
it does that. But if you don't have the font installed you will not see what I am talking about because it
will render it like the unicode block. I don't understand why it does this for those letters but not all. it
would be cool if it just rendered everything as Antinoou. This is something if Apple updated, would be
super cool.
You can test the theory by typing in greek and seeing if it renders in Antinoou font, Since they are from
the same block. But it doesn't lol so what's special about those seven letters. If you install Antinoou on an
iPhone it does the same thing so I had to delete it.
Because it looks so weird lol.



Teipitt

if | start the word with one of those letters it renders in antinoou font
T min

aT

e Noto Sans

See the image below on the left. Words starting with a Greek-origin letter are rendered in Sans. Words
starting with anything else are rendered regularly.

Fit - Normal text Google Sans 515 B B O @ 9 9.4 h100%

4

1 X Coptic Letter 2 B

2w W
AW Ww  »gquq

adq 94 Db bh
A'Db hs A22 22
AXX XX
A 22 266 66
AXX XY ATt Tt
2606 66
AT T |1t

Find, to the right, the same document opened on Android. Everything is rendered in Sans.







Letter Pair Frequency in the Coptic New Testament

Pair Same Adjacent
Pair Frequency (reversed) Frequency Sum Percentage finger? fingers?
oY 31004 vo 7611 38615 7.06 FALSE FALSE
eN 15889 ne 7198 23087 422 FALSE FALSE
Te 13186 et 9659 22845 4.18 FALSE TRUE
N 8927 an 6224 15151 2.77 FALSE FALSE
NO 7523 on 4003 11526 2.11 FALSE FALSE
xe 7897 ex 2072 9969 1.82 FALSE FALSE
N 6770 2713 9483 1.73  FALSE TRUE
ep 6192 pe 3271 9463 1.73  FALSE TRUE
e 6330 en 3022 9352 1.71 FALSE FALSE
€M 6643 me 2565 9208 1.68 FALSE FALSE
™ 5183 ar 2728 7911 1.45 FALSE FALSE
oc 5670 co 2102 7772 142 FALSE FALSE
02 5980 2o 1665 7645 1.4 FALSE FALSE
m 6667 m 822 7489 1.37 FALSE FALSE
al 5256 2069 7325 1.34  FALSE FALSE
N' 5327 va 1689 7016 1.28 FALSE FALSE
a4 6451 9a 214 6665 1.22  FALSE FALSE
HO 4973 om 1273 6246 1.14 FALSE FALSE
NT 5972 38 6010 1.1 FALSE FALSE
€B 4057 Be 1944 6001 1.1 FALSE TRUE
eq 4620 Ye 1254 5874 1.07 FALSE TRUE
ap 3961 pa 1863 5824 1.06 FALSE FALSE
TO 3932 ot 1614 5546 1.01 FALSE FALSE
HA 4005 am 1209 5214 0.95 FALSE FALSE
[ON 4099 xo 1030 5129 0.94 TRUE FALSE
%€ 4392 ep 695 5087 0.93  FALSE TRUE
1Ic 3867 a 1197 5064 0.93 FALSE FALSE

PO 4014 op 680 4694 0.86 FALSE FALSE

Same
hand?

TRUE
FALSE
TRUE
FALSE
TRUE
FALSE
TRUE
TRUE
FALSE
FALSE
TRUE
FALSE
TRUE
TRUE
FALSE
FALSE
TRUE
TRUE
FALSE
TRUE
TRUE
TRUE
FALSE
FALSE
TRUE
TRUE
FALSE
FALSE



ca
a
BO
MM
Pt
PH
2l
wo
ey
Ml
T
(o)}
™It
HT
NH
A€
HI
WN
ce
€6
NN
0q
SN
1tN

M

(S14
KA
HC
P
wa
YC
NX

NC

2489
2455
3850
4182
2678
2272
3391
3890
2635
1974
3100
1969
3653
1815
2523
3345
2224
1737
1627
2686
3034
2280
1841
2045
1501
1694
1881
1371
2096
1982
1473
2323
2488
2014

ac
A2
OB

MM

13|
TH
HN

EA

NW
ec
ee
NN
do
A
Al
M
el
2e
aK
CH
wp
AW
cY
AN

CN

2008
1957

414
4182
1477
1824

597

1206
1805
654
1783
19
1745
1028
91
1162
1385
1490
372
3034
752
1156
917
1458
1143
838
1262
533
622
1031
166

463

4497
4412
4264
4182
4155
4096
3988
3890
3841
3779
3754
3752
3672
3560
3551
3436
3386
3122
3117
3058
3034
3032
2997
2962
2959
2837
2719
2633
2629
2604
2504
2489
2488
2477

0.82
0.81
0.78
0.76
0.76
0.75
0.73
0.71

0.7
0.69
0.69
0.69
0.67
0.65
0.65
0.63
0.62
0.57
0.57
0.56
0.55
0.55
0.55
0.54
0.54
0.52

0.5
0.48
0.48
0.48
0.46
0.45
0.45
0.45

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
FALSE

TRUE
FALSE
FALSE
FALSE
FALSE
FALSE

TRUE
FALSE
FALSE

TRUE
FALSE

TRUE
FALSE
FALSE
FALSE
FALSE

TRUE
FALSE

TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE

TRUE
FALSE
FALSE
FALSE
FALSE
FALSE

TRUE
FALSE
FALSE

TRUE

TRUE

TRUE

TRUE
FALSE

TRUE

TRUE

TRUE
FALSE

TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE

TRUE
FALSE
FALSE

TRUE
FALSE



YN

NO

C
Xl
N2
€K

OK

MH
$H
cT

Yt

YM
dN
Y
NIT
ed
wrt

(2N

Yl
no
€0
X0
v

Al

2460
1487
1787
1700
1507
2044
1153
1117
1221
1061
1632
1359
1986
1241
1148
1765
1915
1118
1832
1110
1752
1482
1616
1243
1167
1378
1308
1081
1591

953
1548
1192
1033
1100

NY
ON
0y

C

2N
Ke
KO

€W

Tl
ar
X
xA
il
HH
Hp

TC

Bl
MY
N
Y
N
de
nw
ad

Kl

ort
oe
0X
qr

IN

936
632
673
786
168

1036

1067
885

1044
472
740

96
829
885
239

44
823

676

32
247

80
434
491
265
331
548

629

308

466
396

2465
2423
2419
2373
2293
2212
2189
2184
2106
2105
2104
2099
2082
2070
2033
2004
1959
1941
1832
1786
1784
1729
1696
1677
1658
1643
1639
1629
1591
1582
1553
1500
1499
1496

0.45
0.44
0.44
0.43
0.42

04

04

04
0.38
0.38
0.38
0.38
0.38
0.38
0.37
0.37
0.36
0.35
0.33
0.33
0.33
0.32
0.31
0.31

0.3

0.3

0.3

0.3
0.29
0.29
0.28
0.27
0.27
0.27

TRUE
FALSE
FALSE

TRUE
FALSE

TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE

TRUE
FALSE
FALSE
FALSE
FALSE

TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE

TRUE
FALSE
FALSE
FALSE
FALSE

TRUE
FALSE

FALSE
TRUE
FALSE
FALSE
TRUE
FALSE
FALSE
TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
FALSE
FALSE
FALSE
TRUE
TRUE
FALSE
FALSE
FALSE
TRUE

TRUE
TRUE
FALSE
TRUE
TRUE
TRUE
FALSE
TRUE
FALSE
TRUE
FALSE
TRUE
FALSE
FALSE
FALSE
TRUE
FALSE
TRUE
TRUE
FALSE
TRUE
FALSE
FALSE
TRUE
TRUE
FALSE
TRUE
TRUE
TRUE
TRUE
FALSE
TRUE
TRUE
TRUE



2w
AB
M
HO
wo
60
Nt
B
6H
cp
ex
XP
€t
Nb
en
qQ
wH
pul
2H
bp
YT
Ht
dn
SN
quy
NP
Y
cH
a0
YX
KO
Gl
60

et

1454 we
867 Ba
1186 ém
1386 on
996 ow
1210 oe
772 tn
704 Bw
1251 ne
660 p2
812 xe
803 px
928 te
1147 an
673 ae
798 1
605 nw
677 np
1097 ne
903 po
1039 v
1056 tu
645 nq
780 2
875 w
709 pn
994wy
613 mc
571 ea
947 %Y
497 wk
816 16
868 o6
523 12

29
577
258

16
387
164
559
611

61
540
379
384
230

469
312
504
429

195
50

370
225
128
289

365
386

447
113

45
387

1483
1444
1444
1402
1383
1374
1331
1315
1312
1200
1191
1187
1158
1147
1142
1110
1109
1106
1098
1098
1089
1056
1015
1005
1003

998

994

978

957

947

944

929

913

910

0.27
0.26
0.26
0.26
0.25
0.25
0.24
0.24
0.24
0.22
0.22
0.22
0.21
0.21
0.21

0.2

0.2

0.2

0.2

0.2

0.2
0.19
0.19
0.18
0.18
0.18
0.18
0.18
0.17
0.17
0.17
0.17
0.17
0.17

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
FALSE
FALSE
FALSE
FALSE

FALSE
FALSE
FALSE
FALSE
TRUE
TRUE
FALSE
FALSE
TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE

FALSE
TRUE
FALSE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
FALSE
FALSE
TRUE
FALSE
FALSE
TRUE
FALSE
TRUE
FALSE
TRUE
TRUE
FALSE
TRUE
FALSE
TRUE
FALSE
FALSE
TRUE
FALSE
FALSE
TRUE
FALSE
FALSE
FALSE
TRUE



AH
A

Y2

YP
N
oB
A\
oM
ow
dc
au
op
M
aq
YA
IH
30
XA
BH
NM
XH
b1
NK
$0
qe
1w
nx
at
TP
tc
A0
(DN

Ad

703
865
767
527
847
802
844
816
622
804
715
701
687
639
515
634
685
674
547
519
465
620
355
548
352
487

585 wn

580
364
386
474
544
305
447

HX
xq
2y
T
PY
W
BO
AN
Mo
we
cq
Mg
Po
Mt
dw
AY
Hb
Ob
axX
HB
MN

HX

KN
o
29

Xt
ta
PT
ct
oa
A

AA

202

22
109
325

43

816
185

84
72
50
94

196

100
127
171

272

77
262
110

206
181
88

246
100

905
887
876
852
848
845
844
816
807
807
799
773
737
733
711
689
636
675
647
646
636
627
627
625
614
597
590
580
570
567
562
551
551
547

0.17
0.16
0.16
0.16
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.14
0.13
0.13
0.13
0.13
0.13
0.12
0.12
0.12
0.12
0.11
0.11
0.11
0.11
0.11
0.11
0.11

0.1

0.1

0.1

0.1

0.1

0.1

FALSE
FALSE
TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
FALSE
TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
FALSE
FALSE
TRUE
FALSE
FALSE
FALSE
FALSE

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE

TRUE
FALSE
TRUE
FALSE
FALSE
TRUE
FALSE
FALSE
TRUE
FALSE
TRUE
FALSE
FALSE
TRUE
TRUE
FALSE
FALSE
FALSE
TRUE
FALSE
TRUE
FALSE
FALSE
TRUE
FALSE
FALSE
TRUE
FALSE
FALSE
TRUE
FALSE
FALSE
FALSE
TRUE



HIT
P
T2
N6
cX
e
ot
YB
YX
2H
YN
P4
re
qt
CB
00
wt
rc
ee
N
c?
X
Tt

YK

ex
de
P@
NX
a6

CK

287
314
477
485
360
494
502
303
412
484
338
397
246
414
437
354
422
346
341
415
359
262
394
293
310
197
384
258
255
360
351
276
198
217

Al
TH
Pb
2T
6N
xC
6
fo
BY
XY
M2
AY
qp
er
19
BC
00
Ty
cn
ee
N
2c
WX
fw
KY

Xl

B2
X€
64
wp
XN
(GIN

KC

260
215
52
36
157
14

189
78

135
75
214
42

72
422
76
79
415
41
136

94
75
187
384
120
120

72
146
125

547
529
529
521
517
508
502
492
490
484
473
472
460
456
438
426
422
422
420
415
400
398
397
387
385
384
384
378
375
360
360
348
344
342

0.1

0.1

0.1

0.1
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.06
0.06
0.06

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE

TRUE
FALSE
FALSE

TRUE
FALSE

TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE

FALSE
FALSE
FALSE
TRUE

FALSE
FALSE
FALSE
FALSE
TRUE

FALSE
TRUE

FALSE
FALSE
FALSE
FALSE
TRUE

FALSE
FALSE
FALSE
FALSE

FALSE
TRUE
TRUE

FALSE

FALSE

FALSE

FALSE
TRUE

FALSE

FALSE
TRUE
TRUE
TRUE
TRUE

FALSE
TRUE

FALSE
TRUE

FALSE

FALSE
TRUE

FALSE
TRUE

FALSE
TRUE

FALSE

FALSE

FALSE
TRUE
TRUE

FALSE

FALSE
TRUE

FALSE



Y
CcQ
g

Cb

KH
MK

PM

PK
ce
MB
Yo
wo
fx
¢
dw
TK
T
Y6
Tb
ax
aA

pPC

AH
Tt
2
xPp

Tl

MT
A

K

311
310
307
306
257
181
174
250
301
177
270
271
207
273
259
257
250
190
130
240
214
237
236
184
162
149
232
118
141
120
207
110
147
201

110%
wc
T
IC
ol
HK
KM
Mp
Xy
KP
ec
BM
ey
bW
xt
¢T
we
KT
nr
GY
9T
Xq
A
cp
4N
HA

an

AK
™
AW

KIt

30
21
307

48
123
129

52

112
10

67

58
117

24

236
52
73
85

232

113
&9

106
18

103
62

341
331
307
307
305
304
303
302
301
289
280
275
274
273
259
258
256
248
247
240
238
237
236
236
235
234
232
231
230
226
225
213
209
206

0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04
0.04

FALSE
FALSE
FALSE
TRUE
TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE

FALSE
FALSE
FALSE
FALSE
FALSE
TRUE

TRUE

FALSE
FALSE
FALSE
FALSE
FALSE
TRUE

FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
FALSE
TRUE

FALSE
TRUE

FALSE

TRUE
FALSE
FALSE

TRUE

TRUE

TRUE

TRUE
FALSE

TRUE
FALSE
FALSE
FALSE

TRUE
FALSE

TRUE

TRUE

TRUE
FALSE
FALSE
FALSE

TRUE

TRUE
FALSE

TRUE

TRUE
FALSE
FALSE
FALSE
FALSE
FALSE

TRUE
FALSE

TRUE

TRUE



e
W
ro
Al
Yo
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X0
T
o
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BP
K2
de
Ak
Pz
cc
)
AW
BT
i
HE
YY
KK
€6
rp
T
CH
fr
PA

X

141
197
164
142
121
105
191
112
105
173
142

92
161
136
105
139
162
127
150
141
133

75
121

84

67
115
130

98

72

89

80

66

64
106

fi
an
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or
LLEN
by
HY
KT
al
AN
0X
wr
t
oA
PB
2K
o4
K9
P
cc
wH
A
TB
Bt
TH
YY
KK
Ge
pr
Kt
HX
Tt
AP

xXT

63

39
55
74
89

75
82

33
80
10
34
63
28

28

141

64
13
50
64
15

130
29
55
37
46
57
55
12

204
203
203
197
195
194
191
187
187
178
175
172
171
170
168
167
162
155
150
141
141
139
134
134
131
130
130
127
127
126
126
123
119
118

0.04
0.04
0.04
0.04
0.04
0.04
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
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WA 1 Aw 0 1 0 FALSE FALSE FALSE
Y% I =y 0 1 0 FALSE FALSE TRUE
BX 1 x8 0 1 0 FALSE FALSE FALSE
YY 1 vy 1 1 0 FALSE FALSE FALSE
X% I 2x 0 1 0 FALSE FALSE FALSE

SUM 100 7.14 19.43 51.79
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